ABSTRACT. The distribution of reticulocerebellar (RC) neurons was examined by the retrograde transport of horseradish peroxidase (HRP) or wheat germ agglutinin bound to HRP (WGA-HRP) in 7 White Leghorn chickens. A large number of labeled cells were found in the nucleus reticularis pontis caudalis (RP) of the pontomedullary junction and in the nucleus reticularis gigantocellularis (Rgc), parvocellularis (Rpc), subtrigiminalis (Rst), paragigantocellularis (Rpg) and paramedianus (RpaM) in the medulla. Slightly ventral to the vestibulocochlear nerve were many large RC neurons arranged in a longitudinal manner along the lateral edge of the brainstem reticular formation (the Dorsolateral edge cells, DLe cells). RC neurons were most numerous in the Rgc and accounted for 31.9% of the total number of labeled cells, followed by RP (24.2%), Rpc (12.7%), Rpg (10.8%), RpaM (6.7%), DLe cells (6.3%) and Rst (4.9%). The great number of RC neurons was found around the levels of the vestibulocochlear nerve. KEY WORDS: chicken, reticular formation, reticulocerebellar neuron, retrograde transport, WGA-HRP.
The reticular formation (RF) is distributed from the medulla to the mesencephalon and is involved in behavioral arousal, regulation of muscle reflexes, coordination of autonomic functions, and modulation of pain sensation [9] . Subdivisions of the RF form premotor networks that organize several complex behaviors. These include, for example, control of posture, orientation of the head and body toward external stimuli, control of eye movements, and coordination of the activity of the visceral organs [4, 9] . There are many precerebellar nuclei involved in the RF. These pre-cerebellar nuclei mainly consist of the nucleus reticularlis (n. r.) lateralis (RL), n. r. tegmenti pontis and n. r. paramedianus (RpaM) [4] . The distribution of pre-cerebellar nuclei in the RF has been studied in mammals [5, 8, 10, 14, [17] [18] [19] [20] . However, there are few studies on the reticulocerebellar (RC) nuclei in the RF of birds. In the present investigation, we aimed to describe in detail the distribution of RC nuclei in the chicken.
MATERIALS AND METHODS
Seven White Leghorn chickens weighing about 300-400 g were used in the present study. The birds were used for investigation of the RC nuclei by utilizing retrograde transport of 20% horseradish peroxidase (HRP, Toyobo Grade I-C, Tokyo, Japan) or 0.5% wheat germ agglutinin-HRP (WGA-HRP, Toyobo). The birds were anesthetized with xyladine (1 mg/kg) followed by midazolam (2 mg/kg) and ketamine (20 mg/kg). After they were fixed in a stereotaxic apparatus, each cerebellum was exposed by craniotomy. A total of 5 µl of HRP or WGA-HRP was bilaterally injected into the cerebellum at multiple sites by using a glass micropipette attached to a 10-µl Hamilton syringe. After a survival time of 48-72 hr, the birds were anesthetized with ketamine (35 mg/kg) followed by pentobarbital sodium (20 mg/kg). Intra-cardiac perfusion was made with warm physiological saline, followed by 0.6 l cold fixative (1% paraformaldehyde and 1.5% glutaraldehyde in 0.1 M phosphate buffer, pH. 7.4) and finally with 20% sucrose in 0.1 M phosphate buffer. The brain stem and cerebellum were removed and immersed in 20% sucrose. Frozen sections were cut serially at 100 µm by a freezing microtome through the brain stem transversely, and through the cerebellum sagittally. The sections were processed for HRP with tetramethyl benzidine (TMB) according to Mesulam [13] . The sections were then mounted on gelatin-coated slides and stabilized with methyl salicylate according to Adams [1] . In every case in this study the extent of injected tracer was limited to within the cerebellum.
For quantitative evaluation, the number of labeled cells was counted in the RC nuclei of both sides from the representative six levels of the RF in seven cases. Counts of labeled cells were done on one transverse section (thickness 100 µm) for each level.
The anatomical nomenclatures used were based on Kuenzel and Masson [11] and Nomina anatomica avium according to Breazile and Kuenzel [3] .
RESULTS
In all cases the injection area was limited to the cerebellum and extended into every cerebellar lobe, including the cerebellar nuclei. Figure 1 shows the distribution of RC neurons on the six levels in the RF. Labeled cells appeared bilaterally in the RF and in each half were similar in number. The total number of RC neurons was 32,653 in both sides of a total of 42 sections of the six representative levels of seven cases. The greater part of the labeled cell numbers (about 83%) was located around the levels of the vestibulocochlear nerve (Fig. 1B-D) .
A large number of labeled cells were found in the n. r. pon tis caudalis (RP) at the level of the pontomedullary junction ( Fig. 2) and in the n. r. gigantocellularis (Rgc), parvocellularis (Rpc), paragigantocellularis (Rpgc), paramedianus (RpaM), and subtrigiminalis (Rst) at the level of the medulla oblongata (Figs. 1, 3) . At the levels of the vestibulocochlear nerve there were many large labeled cells arranged in a longitudinal manner along the lateral edge of the RF (the dorsolateral edge cells, DLe cells) (Figs. 1, 3) . A small number of labeled cells were observed in the nucleus centralis medulla oblongatae, pars dorsalis and ventralis (CMod, Cmov) and the nucleus reticularis lateralis (nRL) in the caudal medulla (Figs. 1E and F) . No labeled cells were detected in the mesencephalic RF. Figure 4 shows the number of labeled cells in each nucleus in proportion to the total number of labeled cells in the representative levels of the RF. The labeled cells were most numerous in the Rgc and accounted for 31.9% of the total number of labeled cells, followed by RP (24.2%), Rpc (12.7%), Rpg (10.8%), RpaM (6.7%) and Rst (4.9%). In the caudal medulla, there was a small number of labeled cells that accounted for 1.5% in CMod, 0.6% in CMov and 0.4% in nRL. The DLe cells were 6.3% (Fig. 4) .
DISCUSSION
There are few studies on the distribution of RC neurons in birds. Newman and Ginsberg [14] discuss the phylogenetic aspects of RC systems but make no mention of the avian ones. This study may be the first detailed description of the distribution of RC neurons in birds.
Kotchabhakdi et al. [10] made the first detailed study of RC neurons in mammals and concluded that all reticular nuclei other than the mesencephalic RF project into the cerebellum. The strongest RC projections arise from the three specialized pre-cerebellar reticular nuclei (the lateral reticular nucleus (RL), the RpaM, and the tegmental pontine nucleus) [2, 4, 14] .
The present study of the chicken revealed that the RC nuclei consisted of the RP and every medullary reticular nuclei. Additionally, the mesencephalon contained no labeled cells in the chicken. The RP occupies the main part of the tegmental pontine nucleus, which is concerned with the control of eye movement [4, 20] . The RL is the most important origin of RC neurons and serves as a relay nucleus for the indirect spinocerebellar (spinoreticulocerebellar) pathways receiving main afferent inputs from the entire length of the spinal cord [4, 12, 15, 16] . In rats, the RL consists of the Rgc, Rpc and RST [8] . In this study, we described the nRL in the lower medulla according to Kuenzel and Masson [11] . The nRL corresponds to the caudal extension of the RL and is not divided into subnuclei. In the chicken, the RL consisted of Rgc, Rpc and Rst, and was most important in RC projections, because it contained about half of the total RC neurons. The Rgc contained the most numerous RC neurons throughout the entire RF. The RpaM and Rpg are a prominent origin of RC neurons in rats [14] . However, there are few reports on the Rpg as being the pre-cerebellar nucleus. The present study described the DLe cells lying along the lateral edge of the brainstem at the level of the vestibulocochlear nerve, and this cell group contained relatively many RC neurons. There is no mammalian equivalent of the DLe cells. According to Glover and Petursdottir [7] , this cell group is similar in location to the dorsolateral edge cells that are found along the lateral edge just ventral to the vestibulocochlear nerve in the 11-day chick embryo. They considered the DLe cells to be part of the RF. However, they also concluded that the DLe cells are the reticulospinal neurons. We consider the DLe cells to be one of the RC nuclei of the RF.
In the present study, the greater part of RC neurons was found around the level of the vestibulocochlear nerve. This tendency is similar to that in the distribution of mammalian RC neurons [10, 17] .
